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I .  ABSTRACT 

Th«  work  accomplished  during  the  first  year  of  AFOSR  Contract  Number 
F49620-76-C-0007,  Intense  Relativistic  Electron  Beam  Investigations,  was 
discussed  in  the  progress  report  submitted  on  March  7,  1977  and  is  included 
herein  by  reference.  Progress  accomplished  with  second  year  support  by  AFOSR 
Contract  Number  F49620-76-C-0007 ,  Intense  Relativistic  Electron  Beam  Investi¬ 
gations,  is  summarized  in  this  report.  In  particular,  the  following  topics 
are  discussed:  (a)  development  of  the  relativistic  electron  beam  laboratory 
and  associated  instrumentation,  diagnostic  equipment,  and  computational  tech¬ 
niques  at  North  Carolina  State  University,  (b)  collective  ion  acceleration 
experiments  at  NCSU,  (c)  electron  beam  transport  experiments  in  dielectric 
liners  at  NCSU,  and  (d)  electron  bean  transport  and  ion  acceleration  experiments 
at  NRL's  VEBA  machine  in  collaboration  with  Dr.  Robert  K.  Parker  of  NRL  and 
Major  Richard  L.  C.ullickson  of  AFOSR.  The  relativistic  electron  beam  lab¬ 
oratory  at  NCSU  which  was  made  possible  by  Dr.  Parker's  arranging  for  the  loan 
of  an  NRL  constructed  0.5  MeV,  70  kA,  60  nsec,  7  ohm  intense  relativistic 
electron  beam  machine  is  now  fully  operational.  Kith  joint  support  from  NCSl' 
and  AFOSR  this  laboratory  is  now  well  equipped  with  fast  oscilloscopes,  nuclear 
activation  detection,  analyzing  and  counting  equipment,  TRK  streak  and  Beckman 
Whitley  image  converter  caneras,  fast  vacuum  pumping  equipment,  pulsed  magnetic 
fields,  a  pinhole  X-ray  camera,  a  Thomson  parabola  ion  spectrometer,  a  1-meter 
McPherson  spectrometer,  and  a  microphotoroeter  for  scanning  spectrometer  plates 
and  blue  cellophane  witness  films  for  electron  beam  current  density  measure¬ 
ments.  three  Ph.D.  graduate  students  are  underway  with  their  dissertations  on 
collective  ion  acceleration  and  electron  beam  propagation  experiments  and  three 
other  students  will  begin  their  Ph.D.  dissertation  experiments  using  the  rela¬ 
tivistic  electron  beam  machine  during  the  next  year. 
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Progress  made  after  the  last  written  report  in  February,  1977  and  including 
the  second  vear  of  funding  is  reported  in  this  section.  The  original  period 
of  performance  for  the  second  vear  funding  from  .lulv  1,  1977  to  June  30,  1978 
was  extended  to  April  30,  1979  with  no  additional  funding  requested.  A  complete 
list  of  the  publications  (7),  dissertaf ions  (3),  thesis  (1),  and  papers  pre¬ 
sented  (9)  during  this  period  is  given  in  Section  IN’.  Six  copies  of  this  material 
were  forwarded  to  the  AFl'SR  contract  mon‘tor  in  April,  1979.  Copies  of  the 
abstracts  of  these  pub  1 ic.it ions,  dissertations,  thesis,  and  papers  presented  are 
also  included  in  Section  TV.  The  data  presented  in  these  works  will  be  only 
brieflv  summarised  in  the  following  sections,  and  particular  emphasis  will  be 
given  to  recent  unpublished  results. 

A.  Development  of  Re  la t i v i s  t i c  K 1 ectron  Beam  Laboratory  at  NCSU 

With  the  splendid  cooperation  of  Dr.  Robert  K.  Parker  of  the  Naval  Research 
Laboratory  ar.d  Major  Richard  K.  C.ullickson  of  AFOSR,  an  NRL  designed  and  con¬ 
structed,  pulsed  0.5  MoV,  70  kA,  frO  nsec,  ?  ohm  intense  relativistic  electron 
beam  machine  was  made  available  to  the  plasma  physics  research  program  at  North 
Carolina  State  University  during  the  first  vear  of  this  contract.  The  principal 
Investigator  with  the  assistance  of  a  machinist  and  two  graduate  students  dis¬ 
assembled,  crated  and  moved  the  machine  from  Rome  Air  Force  Base,  NY  to  NCSU. 

A  24*  x  24*  room  in  our  laboratory  has  been  extensively  modified  for  the 
installation  and  operation  of  the  machine,  A  ground  plane,  an  DU  screen  room 
fed  with  coax  cables  in  copper  pipes,  air  pressure  lines,  new  electrical  service, 
and  extensive  X-ray  shielding  have  been  installed.  During  the  first  year  the 
entire  machine  including  the  Marx  bank,  switch  gaps,  Blumlein  section,  vacuum 
system,  pneumatic  valves,  water  spark  gap  switch,  water  purification  systems  and 
power  supplies  were  disassembled,  cleaned  and  repaired  as  needed.  An  oil  trans¬ 
fer  and  filter  system  and  a  satetv  interlock  system  were  designed  and  assembled. 

The  Radiation  Protection  Council  of  SCSI’  approved  operation  of  the  facility 
early  in  the  second  year  of  the  contract.  An  extensive  X-ray  radiation  survey 
using  TLD  dosimeters  indicated  the  need  for  some  additional  overhead  shielding. 

It  was  decided  to  use  a  portable  semicvlindric.il  iron  shield  after  locating  and 
installing  an  electrically  actuated  overhead  hoist. 
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Most  of  our  exp«*r imonts  are  of  a  one-shot  nature,  requiring  opening  the 
vacuum  s vs  ten  up  to  atmospheric  pressure  between  shots.  Since  the  vacuum  dif¬ 
fusion  pump  furnished  with  the  electron  beam  machine  was  sized  to  hold  vacuum 
rather  than  to  achieve  rapid  pump  down,  we  were  limited  to  2  or  3  shots  a  day. 

We  have  located  and  installed  a  10  inch  diffusion  pump  (3850  liters/sec)  and  a 
larger  mechanical  vacuum  pump  and  can  now  pump  down  to  firing  conditions  in 
15  minutes. 

In  order  to  obtain  a  jitter-free  trigger  pulse  as  far  in  advance  of  the 
electron  beam  pulse  as  possible,  we  have  made  penetrations  in  the  outer  and 
intermediate  cylinders  of  the  water  Blumleln  pulse  shaping  section  in  the  region 
of  the  water  filled  spark  gap  that  self-breaks  down  when  sufficiently  over- 
vclted  by  the  Marx  capacitor  bank  charging  circuit.  The  light  produced  by  this 
gap's  self-firing  is  brought  out  by  a  lucite  pipe  to  a  fiber  optics  cable  and 
is  fed  into  the  optical  input  of  our  TRW  Model  46A  trigger  delay  generator  for 
pulsing  our  image  converter  camera  and  lasers  as  well  as  providing  an  advance 
synchronized  trigger  pulse  to  the  oscilloscopes.  Since  this  water  filled  spark 
gap  switch  initiates  the  pulse  in  the  Blumlein  circuit,  the  optical  signal  from 
it  occurs  at  an  essentially  jitter-free  time  increment  before  the  electron  beam 
pulse  and  is  early  enough  to  pulse  the  image  converter  electronic  shutter  open 
before  the  end  of  the  electron  beam  pulse. 

The  machine  is  operating  very  reliably  with  repairs  to  date  involving  only 
replacing  a  capacitor,  a  section  of  the  charging  v-jre,  the  Blumlein  inductor,  re¬ 
building  the  water  circulating  pump,  and  repairing  thi  wat-ir  gap  mechanism. 

The  laboratory  is  now  reasonably  well  equipped  with  the  following  equipment 
for  diagnostic  measurements. 

Equipment  Source 

NRL  0.5  MeV  7  ohm  relativistic 

electron  beam  machine  Government  furnished 

Capacitor  bank  and  magnetic  field 
solenoid  4'  long  with  an  8  1/4" 
inner  diameter  for  electron  beam 

propagation  experiments  Government  furnished 

2  Tektronix  7844  dual  beam 
400  MHz  oscilloscopes  with  C-51 

cameras  Joint  AFOSR  and  NCSU 

Tektronix  7704  single  beam  400 

MHz  oscilloscope  with  C-12  camera  Joint  AFOSR  and  NCSU 

Tektronix  556  dual  beam  50  MHz 
oscilloscope  with  C-12  camera 


Joint  AFOSR  and  NCSU 


Ki^u  ipnivMU 

Beckman-Whi  t  lev  31  1A  image 
con vo  r to  r  c ame  ra 

TRW  Modi- 1  ID  Imago  convertor 
camera  with 

Model  28B  subnic tosecond 
3  frame  plug-in 
Model  46a  trigger  delay 
generator 

Model  21A  precision  recording 
earner;- 

Model  l'A,  19A  heavy  duty 
trlpoc  and  dolly 

Korad  Modi l  K1  ruby  laser  system 
(burst  mode) 

Leeds-Northrop  Model  6700-11 
microphotometer  modified  to  use 
a  He-Ne  laser  as  a  light  source 
for  reading  blue  cellophane 
film  transmission 

Nuclear  coincidence  counting 
equipment  with  3"  and  2“  N’al 
detectors  and 
Ortec  456  high  voltage 
supplies 

Ortec  486  and  490A  pulse 
height  analyzers 
Ortec  775  and  715  counters/ 
timer 

Ortec  777  line  printer 
LeCrov  3001  qVt  multichannel 
analyzer 

VUV  spectrometer  with  Bausch 
and  Load>  grating  with  1500  A 
blaze  wavelength 

Thomson  parabola  ion 
spectrometer 

Hard  X-ray  camera  with  0.010" 
pinhole 

HP  Model  9800  B  calculator- 
plotter  system  modified  for 
digitizing  oscilloscope  traces 


Source 

AKOSK 

Occasionally  available  on 
loan  another  research 

group  at  NCSU 


Occasionally  available  on 
loan  from  another  research 
group  at  NCSl' 


Available  at  XCSU 


Joint  AFOSR  and  NCSU 


Under  construction  at  NCSU 
Constructed  at  NCSU 
Constructed  at  NCSU 


NCSU 
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Kogowskt  colls  for  current  measurements  and  a  nanosecond  rise  time  combination 
Kir.u,u>  cup  current  monitor  and  calorimeter  have  also  been  constructed.  The 
transient  voltage  output  from  the  thermocouple  in  the  calorimeter  is  recorded  dig¬ 
ital  h  at  15-second  intervals  after  a  shot  and  extrapolated  back  to -the  firing 
time  to  obtain  the  temperature  rise  from  which  the  deposited  beam  energy  can 
be  calculated. 


Dr.  C.M.  Armstrong  has  received  an  equipment  grant  from  the  Research 
or porution  for  Time  Resolved  Studies  of  Relativistic  Electron  Beam  Propagation 
in  an  Evacuated  Dielectric  Guide"  which  will  allow  the  plasma  laboratory  to 
purchase  a  TRW  model  7B  high  speed  streak  unit,  two  additional  vertical  amp¬ 
lifiers  for  our  NCSU  purchased  Tektronix  7844  oscilloscope,  and  PIN  X-ray 
detectors  for  our  electron  beam  research  program. 

Dr.  J.J.  Kim  has  arranged  with  NASA  for  the  loan  of  a  McPherson  Model  216 
1-meter  spectrograph  -  polychremator  with  wavelength  range  2,000-10,000  A. 

This  unit  is  now  in  operation  in  our  electron  beam  laboratory. 

It  is  hoped  that  a  rhodium  activation  detector  can  be  obtained  next 
year  for  the  detection  of  prompt  neutrons  produced  by  (p,n)  and  (d,n)  reactions 
when  accelerated  ions  strike  suitable  targets.  We  also  need  a  magnetic  tape 
cassette  recorder  for  storing  digitized  oscilloscope  trace  data  and  the 
output  data  from  our  LeCroy  nuclear  spectrum  multichannel  analyser  for  subsequent 
input  to  our  central  IBM  computing  facilities. 

5.  Machine  Calibration  Experiments 

Considerable  effort  has  been  directed  toward  carefully  calibrating  the 
capacitive  voltage  divider  and  magnetic  loop  current  monitor  in  the  diode  region 
and  combination  Faraday  cup  -  calorimeter  used  to  measure  the  transmitted  elec¬ 
tron  current  and  beam  energy.  By  modifying  a  HP  plotter  -  calculator  system, 
we  are  able  to  digitize  our  oscilloscope  traces  at  equidistantly  spaced 
points  with  about  1-2%  accuracy.  These  data  can  be  manually  fed  into  a 
computer  for  processing  and  plotting.  We  have  therefore  been  able  to  compute 
and  compare  ^Vdt  versus  Lift)  (from  the  relation  V-  -Ldl/dt  where  L  is  the 
diode  tube  inductance)  for  short  circuit  shots,  /"(V-Ldl/dt ) Idt  versus  energy 
delivered  to  the  calorimeter,  as  well  as  to  make  comparisons  of  amplitudes 
and  wave  shapes  of  the  traces  of  the  diode  current  monitor,  Faraday  cup,  and 
a  calibrated  T&N  '''search  Products  current  viewing  resistor  for  determining 
calibration  factors.  The  calibration  techniques  described  in  Dr.  Robert  K. 
Paikers  dissertation*  were  invaluable  during  this  phase  of  the  project. 
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Initial  differences  in  the  vravcforms  between  the  diode  magnetic  loop 
current  trace  and  current  viewing  resistor  were  traceable  to  the  apparent 
uae  of  a  magnetic  paper  clip  for  the  loop.  Waveform  tracking  occurred  when  this 
wire  was  replaced  with  nonmagnetic  copper  wire.  Similarly,  initial  differences 
in  the  risetimes  of  /Vdt  versus  LI  for  short  circuit  shots  were  eliminated  by 
modifying  the  compensating  capacitor  in  the  voltage  divider.  We  believe 
our  diode  current  and  voltage  measurements  have  a  2-4X  accuracy,  and  we  have 
obtained  approximately  4X  agreement  between  the  deposited  electron  beam 
energy  as  measured  with  the  calorimeter  and  as  computed  according  to 
/(V-LdI/dt)Idt.  A  detailed  account  of  this  work  will  appear  in  a  dissertation. 

C.  Collective  Ion  Accel eric  ion  Experiments 

A  aeries  of  ion  acceleration  experiments  was  conducted  on  the  VEBA 
accelerator  i c  collaboration  with  Dr.  R.K.  Parker  of  NHL  and  Major  R.K. 

Gullickson  of  A F0S.7.  The  results  of  these  experiments  are  reported  in  publi¬ 
cations  A1  and  A4  1^‘Crd  in  Section  V. 

A  typical  experiment  consisted  of  injecting  a  65  kA,  1.5  MeV,  60  nsec, 
v/y  1.4  electron  beam  from  a  tapered  brass  cathode  into  an  evacuated  dielectric 
tube  with  6.4  cm  inside  diameter  and  15  cm  length  as  shown  in  Fig.  lb. 


Fig.  1.  Experimental  configuration:  A,  cathode;  S,  anode  foil; 

C,  dielectric  guide;  D,  outer  conductor;  E,  graphite  current  col¬ 
lector;  F,  Faraday  cup.  (a)  propagation  configuration,  (b)  accel- 
•ration  configuration,  (c)  Luce-type  diode. 
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According  to  the  Model  of  Little,  Greenwaid  et  alt,  the  electron  beaM  (whose 

current  exceeds  the  space-charge  limit)  is  stopped  by  the  formation  of  a 

virtual  cathode  and  expands  radially,  striking  the  dielectric  wall  and  causing 

surface  t'lashover  and  the  liberation  of  ions.  These  ions  provide  sufficient  charge 

neutralization  for  the  beam  to  propagate  a  bit  further,  so  that  toe  potential  well 

at  the  beam  front  travels  down  the  guide  at  a  velocity  determined  by  the  rate  of 

ion  release  from  the  wells.  Some  of  these  ions  are  expected  to  be  accelerated 

by  the  potential  well,  and  it  should  be  possible  to  optimize  ion  trapping 

and  acceleration  by  appropriately  choosing  the  system  parameters  (e.g.,  guide 

shape  and  size,  cathode  dioswter,  etc.).  One  purpose  of  these  experiments  on 

the  VESA  at  NRL  and  subsequent  experiments  on  the  NRL  7-ohm  line  at  NCSl’  was 

-4 

to  examine  ion  acceleration  in  evacuated  (f.2  x  10  Torr)  dielectric  guides  at 

■> 

higher  electron  energies  and  currents  than  in  previous  studies"'. 

At  VESA  a  rhodium  activation  detector^,  located  above  a  target  attached  to 
the  front  of  the  Faraday  cup,  vaa  used  to  measure  neutron  yields  from  (p,n) 
snd  (d.n)  reactions.  In  addition  nuclear  activation  techniques4  were  used  to 
determine  che  number  and  energy  of  ions  accelerated  In  two  ways:  (1)  by  the  use 
of  targets  with  different  reaction  thresholds,  and  (2)  by  using  stacked  foil 
targets  and  relating  the  depth  of  activation  to  ion  energy  through  range-energy 
relations. 5 

With  the  diode  shown  in  Fig.  lb,  consisting  of  a  small  diameter  cathode 
but  no  anode  foil,  protons  with  kinetic  energies  up  to  14  MeV  (nine  times  the 
electron  energy)  were  detected  on  axis  with  an  energy  spectrum  given  by 
7  x  1013  exp(-E)  protons  per  MeV  with  E  in  MeV.  The  maximum  observed  yield 
was  ■v  1013  protons  (E  >  3.8  MeV).  The  reactions  13C(p,n)l3s  ami  63Cu(p.n>632n 

with  reaction  thresholds  of  3.2  and  4.2  MeV,  respectively,  were  used.  Similar 
yields  were  observed  with  the  Luce  diode  geometry  shown  in  Fig.  lc. 

There  was  considerable  »hoc-to-shot  variation  and  irreproducibility  in  the 
yields  in  these  experiments,  probably  due  in  part  to  the  random  nature  of  the 
beam-induced  surface  flashover  process  which  produces  the  ions  to  be  accelerated. 
Alternative  methods  are  proposed  in  Section  III  for  next  year's  effort  for 
creating  ions  prior  to  electron  beam  injection  in  an  attempt  to  eliminate  this 
erratic  ion  acceleration  behavior. 

Ion  acceleration  experiments  are  now  underway  at  NCSU  using  che  NRL 
7-ohm  line  which  produces  a  0.5  MeV,  70kA,  60  nsec,  v/y  'v  2.4  electron  beam. 

In  addition  to  injecting  into  dielectric  guides  and  using  the  Luce-type  diode 
geoaetries  shown  in  Figs,  lb  and  lc,  we  have 
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Injected  into  an  evacuated  pipe  10.2  cat  in  diameter  and  15  ca  long  as  shown 
in  Fig.  1  without  the  dielectric  guide  C  and  with  thin  plastic  films  or 
nylon  filaments  at  B  instead  of  an  anode  foil,  similar  to  our  previous 
experiments  on  the  4.5  MeV,  50  kA  FX-75  electron  beam  machine  at  the  Boeing 
Radiation  Effects  laboratory. 6  A  0.13  mm  thick  graphite  activation  target  was 
placed  at  position  C  and  was  sometimes  used  as  a  lining  on  the  Inside  of  the 
pipe  section  0  to  detect  ions  accelerated  radially  outward  as  well  as  axially. 

Our  experiments  have  been  largely  exploratory  in  an  attempt  to  discover  chose 
changes  in  diode  configuration  which  would  produce  significant  changes  in  ion 
acceleration.  We  have  found  that  the  basic  statistical  nature  of  the  process 
has  obscured  the  effect  of  cost  changes  made  to  date. 

12  13 

The  nuclear  reaction  used  to  detect  accelerated  protons  was  C(p,v)  N 

13 

which  has  resonances  at  0.457  MeV  and  1.7  MeV  with  yields  of  7.5  N  atoms 

per  10*^  protons  with  energy  0.6<E<1.5  MeV  and  18  atoms  per  10^  protons 

with  energy  above  1.8  MeV.  is  a  S+  emitter  with  a  half  life  of  9.S7  minutes. 

The  decay  of  the  N  nucleus  is  observed  by  detecting  the  two  0.51  MeV  annihilation 

gaoaa  rays  in  an  energy  discriminating  nuclear  coincidence  counting  system 

using  2"  and  3"  diameter  Nal  scintillation  detectors.  Coincidence  counting 

reduces  the  background  count  rate  (in  our  case  to  2.2  counts/min  > ,  thereby 

13 

Increasing  the  sensitivitv  and  statistical  accuracy  in  determining  the  X 

22 

yield.  Using  a  calibrated  Na  source,  ve  arrived  at  a  counter  efficiency  of 

0.0424  coincidence  count  per  positron  emission,  and  an  expected  initial  count 

rate  of  1  count  per  minute  per  4.5x10  protons  incident  on  a  thick  (for  protons) 

carbon  target  with  energy  0.6<E<1.5  MeV.  The  experimental  method  consisted  of 

removing  the  graphite  target  after  each  shot,  counting  for  a  series  of  contiguous 

5-minute  intervals,  and  extrapolating  the  count  rate  back  to  the  time  of  the  shot. 

The  initial  experiments  were  conducted  with  the  Luce-type  geometry  of 

Fig.  lc  in  which  the  tapered  brass  cathode  was  placed  15  mm  in  front  of  a  1.27  cm 

thick  polyethylene  anode  with  a  1.27  cm  diameter  hole  on  axis.  Single  shoes 

produced  no  activity.  The  machine  was  then  fired  10  times  during  a  20  minute 

period  before  removing  the  graphite  target.  Activity  was  produced  and  the 

14 

Initial  count  rate  was  344  cpm  indicating  that  1.5x10  protons  were  accelerated 
(assuming  an  energy  0.4<E<1.5  MeV).  The  intense  electron  current  ^  50  kA 
blasted  away  part  of  the  polyethylene  anode,  enlarging  the  hole  to  2.5  cm  on  the 
cathode  side. 

2 

In  another  series  of  experiments,  a  2  pm  thick  (0.26  mg/cm  )  polycarbonate 
film  (Kimfoil  C^2  H .  ..  0^)  was  placed  behind  a  1.27  cm  thick  graphite  anode  with 


«  3.8  cm  diameter  opening  as  shown  in  Fig.  2.  The  tapered  bVass. cathode 
shown  in  Fig.  lb  was  used  in  this  series.  With  a  cathode-anode  gap  spacing  of 

18  mm,  four  successive  shots  gave  an  initial  count  rate  of  70,  52,  26,  and 

19  epa  (1  cpn«4.5  x  lO^protons) „  indicating  a  fairly  large  (factor  of  3.7) 
scatter  of  data.  The  diode  impedance  waa  changed  by  ‘varying  the  gas  spacing  over 
the  range  13-28  mm,  and  various  thicknesses  of  film  (4,  6,  12  pm)  were  tried. 

All  count  rates  fell  within  the  range  for  the  initial  single  shot  variability, 
and  no  trends  were  observed. 


Fig.  2.  Experimental  configuration  for  ion  acceleration: 
A,  graphite  cathode;  B,  graphite  anode;  C,  plastic  film 
or  nylon  filament;  D,  outer  conductor 


The  greatest  proton  yields  were  produced  by  replacing  the  film  with  a 

single  0.044  nm  diameter  filament  of  15.6  denier  nylon  66  with  density  1.13  gm/cm' 

and  chemical  composition  H(1!N  (CHo),JlHC0(CH_).C0f0H.  Four  shots  with  a  cathode- 

4  0  2  4  r 

anode  gap  of  18  mm  yielded  730,  188,  102  and  62  cpm.  On  several  shots  the  carbon 
block  in  the  calorimeter  on  which  the  16  mg/cm2  graphite  target  was  mounted  became 
activated,  indicating  that  some  protons  were  accelerated  to  energies  above 
3  MeV  (six  times  the  electron  energy)  in  order  to  penetrate  the  target  with 
sufficient  residual  energy  (0.4  MeV)  to  activate  the  calorimeter. 


to 


When  the  graphite  anode  was  removed  but  with  a  single  nylon  ft  lament 
located  In  the  name  poult  Ion  as  before,  the  count  rate  yield  dropped  to 
valuea  leas  than  thoae  for  the  fllma. 

The  b'.aaa  cathode  waa  next  replaced  with  a  3.18  on  diameter  graphite  cathode 
<ee«  Tig.  2).  The  beat  yield  (47?  cpm)  wax  obtained  when  13  filament*  were 
arranged  in  a  spoke-like  manner  with  3  bondlea  of  3  filaments  each. 

A  summary  of  theae  results  ta  given  in  the  following  table. 

Sumatarv  of  Ion  Acceleration  Experiment  a  at  Ni*Sl* 

Variation  in  vVunt  Hate 
count  a /min  ^ 

Diode  Type  (1  cpm  -  4.3  x  10 _ pro^onj*) 

Polyethylene  anode  with 
1. 27-crt-dia.  hole,  braaa 

cathode  (luce-tvpe)  344 

Polycarbonate  film  (graphite 
anode  with  3.  8-cm-di a.  hole, 
braea  cathode)  12-70 

Nylon  ft  lament  a 
(graphite  anode  wtih 
3.8-cm-dia.  hole,  btas* 

cathode)  b2- 730 

Nylon  filament  a 
(no  graphite  anode, 

braaa  cathode)  0-23 

Nylon  filament  a 
(graphite  cathode,  no 

graphite  anode)  84-47? 

A  Thomson  parabola  ion  aped  remoter  ha*  been  cone true ted  for  the  measurement 
of  energy  and  momentum  spectra  and  charge  states  of  various  Iona  acceletated  hv 
the  electron  beam,  A  snail  quanititv  of  tons  on  the  beam  axis  ts  selected  l>\ 
an  aperture,  and  subsequent Iv  deflected  bv  parallel  K  and  b  fields.  Individual 
ions  are  recorded  on  cellulose  nitrate  film,  which  can  be  read  with  a  tow 
power  microscope  after  developing.  This  spectrometer  is  designed  to  observe 
protons  in  the  energy  range  130-300  KoV.  Theae  measurements  will  augment 
the  nuclear  activation  measurements  and  should  help  us  develop  a  theoretical 
model  for  the  acceleration  mechanism.  Tills  svstem  is  now  being  calibrated  with 
a  ^*^Am  alpha  particle  source  and  will  be  put  o:r  line  this  coming  veat . 
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In  collaboration  with  Dr.  R.K.  Parker,  the  propagation  characteristics  of 

an  intense  electron  beam  injected  into  an  evacuated  dielectric  tube  were  studied 

at  the  VLB  A  facility  at  NRL  along  with  the  Ion  acceleration  series  of  experiments 

discussed  in  section  It.C.  Detailed  results  were  reported  in  publications 

A1  and  A4  listed  in  Section  IV.  When  a  1.5  MeV,  65  kA,  60  nsec,  v/y  a,  1.4  Intense 

relativistic  electron  beam  was  injected  into  an  evacuated  (a-  2  x  10  Torr) 

7.6  cm  diameter  lucite  pipe,  the  beam  front  advanced  over  the  first  50  cm  length 

at  a  velocity  of  2  cm/nsec.  As  described  in  Section  II. C. ,  this  velocity  is 

2 

related  to  the  rate  of  ion  release  from  the  wall  .  Hie  delivered  electron  bo.im 
energy  decreases  almost  linearly  with  guide  length,  and  the  best  transport  in  a 
series  of  three  diameters  (G.3  cm,  1 . 3  cm  and  4.1  cm)  was  obtained  with  the 
largest  diameter.  For  the  4.1  cm  diameter  tube,  the  calorimeter  Indicated  that 
approximately  25%  of  the  energy  injected  into  the  guide  propagated  a  distance  of 
60  cm.  Since  this  energy  agreed  within  10%  of  the  /V Idt  calculation  based  on  the 
diode  voltage  and  Faraday  cup  current,  the  electrons  reaching  the  end  of  the  guide 
had  essentially  their  injected  energy.  Furthermore,  the  peak  current  delivered  was 
generally  of  the  same  order  as  the  diode  current,  but  the  pulse  width  decreased 
with  guide  length.  This  result  indicates  that  most  of  the  energy  loss  resulted 
from  beam-front  erosion. 

Electron  beam  propagation  in  an  evacuated  diode  is  also  under  investigation 
on  the  0.5  MeV  7-ohm  line  at  NCSU. 

The  primary  thrust  of  these  experiments,  as  originally  proposed  bv  Little 
2 

and  Greenwaid^,  was  the  possible  utilization  of  dielectric  guides  as  efficient 
ion  accelerators.  A  thorough  knowledge  of  electron  beam  transport  under  these 
conditions  is  necessary  since  proposed  models  have  Indicated  that  one  must  control 
the  motion  of  the  beam  front  in  order  to  maximize  ion  acceleration.  The  purpose 
of  the  experiments  at  NCSU  is  to  study  the  gross  features  of  relativistic  elec¬ 
tron  beam  transport  in  these  guides,  such  as:  energy  transport  efficiency, 
beam  size  and  beam  front  velocity. 

Figure  3  shows  qualitatively  the  physical  processes  involved  in  this  method 
of  beam  transport.  After  Injection  into  the  dielectric  guide  or  liner,  the 
beam  immediately  strikes  the  liner  wall  due  to  the  initial  electron  trajectories 
caused  by  the  diode  configuration  and  radial  expansion  due  to  virtual  cathode 
formation.  These  electrons  release  ions  from  the  liner  walls  by  surface 
flashover  and  other  undetermined  physical  processes  which  create  a  plasma  at 
the  liner  surface.  The  ions  are  drawn  toward  the  liner  axis  by  the  electron 
apace  charge,  at  least  partially  neutralising  this  space  charge  allowing 


'1 


gs5^gFrr 


!  'Hlm.x7uWL'Jdfc'5Hn 


ruFfCTiFfFl 


■ 

•  nj  i 


cathode 


V 


/  * 
e  +  1, 


yy 


dielectric  guide 


SPACE  CHARGE 
LIMITED  CURRENT 


17.000  (y2/3  -  1)3/2 


1  +  2  In  (Ro/Rb) 


-  5.3  kA 


ALFVEN  CURRENT 


IA  -  17,000  (y2  -  1)1/2  -  29  kA 

Y  5  1  +  (eVD/moc2) 


Fig.  3.  Model  of  electron  beam  propagation  in  evacuated  dielectric 
guide.  When  the  beam  exceeds  the  space  charge  limit,  it  expands 
and  releases  atoms  and  ions.  These  ions  neutralize  the  electron 
space  charge  and  the  beam  propagates  down  the  guide. 

th-?  beam  to  propagate  further  down  the  liner  where  the  process  repeats. 

The  original  Idea  was  that  some  of  the  ions  would  be  accelerated  and/or 

trapped  by  the  potential  well  at  the  beam  front.  Formulas  are  shown  in  the 

figure  for  the  space  charge  limiting  current  I  and  the  Alfvdn  limiting 

s  c 

current  1^.  Me  are  injecting  currents  above  the  space  charge  limit  although 
we  U3e  no  confining  magnetic  field  '•nd  in  certain  cases  propagate  currents 
above  the  Alfvdn  current. 

The  experimental  configuration  is  shown  in  Fig.  4.  The  accelerator  is  of 
the  Marx  generator-Blumlein  water  filled  transmission  line  type.  In  this 
experiment,  the  diode  voltage  and  current  were  400-600  kV  and  30-70  kA 
respectively  (pulse  length  r  v  60  nsec,  vacuum  p  *  5  x  10  3  Torr,  no  confining 
magnetic  field).  The  diode  consists  of  a  3.2  cm  diameter  cylindrical  graphite 
cathode  located  approximately  5  ma  from  an  annular  graphite  disc  which 
served  es  the  anode.  Backing  the  anode  was  a  dielectric  liner  coaxial  with 
e  10.2  cm  ID  stainless  steel  drift  tube.  A  1  nil  stainless  steel  foil  was 
used  at  the  exit  of  the  liner  to  stop  low  energy  plasma  electrons.  Three  mm 
behind  this  foil  was  a  blue  cellophane  film  which  was  used  to  measure  the  beam 
size.  Transmitted  beam  energy  and  current  were  measured  by  a  combination 


Experimental  configuration 
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calorimeter/Faraday  cup  located  behind  the  foil  end  fills  assembly.  The  main 
variables  in  this  series  were  the  liner  diameter  (3.8  and  6.35  cm)  and  length  which 
ranged  from  v  8-31  cm.  The  liner  in  all  cases  was  a  lucite  tube  with  a  6.4  an 
wall-thickness.  To  protect  the  leading  edge  of  the  liner  from  direct  electron 
bombardment,  the  anode  inner  diameter  was  varied  to  match  that  of  the  liner. 

This  variation  also  changed  the  diode  impedance.  A  typical  open  shutter  photograph 
of  the  large  liner  is  shown  in  Fig.  5.  Spectroscopic  measurements  are  reported  in 
Che  next  Section  E. 


Fig.  5.  Side-view  photograph  of  the  dielectric  guide 
when  a  50  kA,  0.5  MeV  electron  beam  is  fired  into  it. 

Llchtenbergtype  discharges  take  place  inside  the 
dielectric.  The  slot  is  made  to  observe  ultraviolet 
light  for  diagnostics. 

Figure  6  shows  typical  waveforms  for  the  6.35  cm  ID  liner.  The  diode  voltage 
In  the  upper  right  figure  peaks  at  about  600  kV  while  the  diode  current  peaks  at 
about  30  kA.  The  bottom  four  traces  show  the  variation  in  the  transmitted 
current  pulse  as  the  liner  length  is  Increased  from  8-31  cm.  Points  to  note 
are  the  Initial  sharpening  and  then  rounding  of  the  leading  edge  of  the  transmitted 
current  pulse  and  the  decrease  of  the  peak  current.  Note  also  the  increasing  delay 
in  the  start  of  the  current  pulse.  The  delay  as  a  function  of  length  will  be 
shown  later.  The  Alfvdn  limiting  current  X.  computed  from  the  diode  voltage  is 
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shown  as  a  bolder  trace  and  lies  below  the  transmitted  current. 


TYPICAL  WAVEFORMS  6.35  cm  10  LINER 

-  DIODE  VOLTAGE 

— —  DIODE  CURRENT 

-  TRANSMITTED  CURRENT 

-  ALFVliN  LIMITING  CURRENT 


Length 

6.3  cm  UNER 


235  cm  UNER 


3i.l  cm  LINER 
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Figure  7  shows  Che  same  information  for  the  3.8  cm  ID  liner.  In  this 
cane,  the  diode  voltage  peaks  at  about  430  kV  and  the  current  at  67  kA. 

Notice  that  for  the  8.3  and  15.9  cm  lengths,  we  have  exceeded  the  Alfvdn  limit¬ 
ing  current.  We  will  return  to  this  later.  The  other  features  are  generally 
the  same  as  for  the  larger  liner  except  for  the  more  drastic  rounding  of  the 
current  pulse  leading  edge. 

Figure  8  shows  the  energy  transmission  efficiency  of  dielectric  liners. 

The  diode  energy,  E^,  is  computed  by  Integrating  the  product  of  the  diode 
voltage  and  current  over  time.  The  transmitted  energy  E^.,  is  determined  from 
the  calorimeter  thermocouple  output.  The  energy  loss  is  seen  to  be  linear 
with  length.  (The  error  bars  represent  the  standard  deviation  of  at  least 
3  shots/liner  length.)  It  should  be  noted  that  the  transmission  efficiency  may 
appear  low  compared  to  other  transmission  schemes  mainly  because  the  transmitted 
energy  is  compared  to  the  beam  energy  in  the  diode  region  and  not  the  actual 
energy  injected  into  the  liner.  A  large  fraction  of  the  beam  energy  is  lost 
at  the  anode  due  to  the  diode  configuration.  The  diode  geometry  could  be 
optimized  to  improve  this  fraction. 

Figure  9  shows  the  determination  of  the  beam  front  velocity.  The  trans¬ 
mitted  current  delay  is  the  time  (in  nsec)  between  the  start  of  the  diode 
current  pulse  and  the  start  of  the  transmitted  current  pulse.  Refer  to  the 
representative  waveforms  presented  in  Figs,  6  and  7.  The  reciprocal  of  the 
slope  is  the  beam  front  velocity  which  is  1.4  cm/nscv  for  both  liner  sizes. 

Beam  size  information  is  given  in  Fig.  10  which  shows  representative 
blue  cellophane  films  for  the  various  liner  lengths.  Note  that  for  the  8.3  cm 
length  at  6.35  cm  ID  and  8.3  cm  and  23.5  cm  lengths  at  3.8  cm  ID,  the  beam 
current  density  is  sufficiently  high  to  burn  a  hole  near  the  center.  The  blue 
cellophane  film  for  the  8.3  cm  length  at  3.8  cm  ID  shows  that  the  beam'  fills 

the  linet.  The  cathode  diameter  is  6  mm  less  than  the  liner  ID.  This  is  con¬ 

sistent  with  our  previous  observation  that  we  exceeded  the  Alfvdn  current  for 
the  8.3  cm  length,  that  is,  we  have  created  enough  plasma  for  some  current 
neutralization.  The  other  films  show  that  this  is  not  maintained  for  longer 

lengths.  Note  also,  by  examining  the  diameter  and  opaqueness  of  the  cloudy  area 

that  the  beam  appears  to  be  pinching  and  that  either  the  beam  current  density 
is  decreasing  or  the  pulse  duration  is  shortening.  This  is  in  rough  agreement 
with  the  work  by  Kolcmensky  . 
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TYPICAL  V  AVSFORMS  3.8cm  ID  LINER 

_  DIODE  VOLTAGE 

_  DIODE  CURRENT 

_  TRANSMITTED  CURRENT 

_  ALFVE'N  LIMITING  CURRENT 
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a3  cm  LINER 


235  cm  LINER 


100  kV 
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15.9  cm  LINER 
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FiR.  7.  Typical  diode  voltage  and  current  waveforms  and  transmitted  current  versus 
tube  length  for  a  3.8  cm  ID  dielectric  guide. 


LENGTH -8.3  cm 


20 


In  conclusion,  we  have  shown: 

1.  Transport  of  injected  beam  energy  is  fairly  efficient.  Beam  loses 
energy  linearly  with  liner  length  a-  12  J/cm. 

2.  Sufficient  plasma  can  be  produced  from  an  evacuated  dielectric 
guide  to  provide  some  current  neutralization. 

3.  As  has  been  shown  in  other  beam  propagation  studies,  the  current 
propagates  in  a  pinched  beam  below  the  Alfven  limit. 

4.  Beam  front  velocity  is  approximately  constant  at  1.4  cm/nsec. 

E.  Spectroscopic  Investigations  at  NCSU 

A  McPherson  216  1-meter  spectrometer  acquired  on  loan  from  NASA  has  been 
used  to  study  the  ionic  species  produced  when  the  electron  beam  strikes  the 
inside  surface  of  the  dielectric  guide.  Figure  11  shows  the  experimental  set¬ 
up.  The  light  is  observed  through  a  quartz  window  which  transmits  down  to 
1800  A.  A  slot  was  made  in  one  side  of  the  lucite  guide,  and  the  quartz  lens 
was  focussed  on  the  axis  of  the  tube.  Figure  5  shows  an  open  shutter  photo¬ 
graph  looking  through  the  quartz  window.  Time  integrated  spectra  were  taken 
during  the  beam  propagation  studies  reported  in  the  previous  section.  A 
typical  time  integrated  emission  spectrum  is  given  in  Fig.  12  which  shows  a 
microdensitometer  trace  of  the  exposed  film.  Some  of  the  identified  species 

are  Indicated  in  the  spectrum.  Most  of  the  prominent  C+*  emission  lines  are 

+2  +3 

observed  as  expected.  The  observed  intensity  ratio  of  C  (2297  A)  and  C 
(2530  A)  lines  implies  a  temperature  in  excess  of  8  eV  for  a  plasma  in  thermal 
equilibrium  if  it  is  assumed  that  the  triply  ionized  carbon  ions  are  produced 
and  excited  by  the  interaction  of  the  plasma  electrons  with  carbon  atoms  which 
are  evaporated  from  the  anode  or  dielectric  surfaces.  The  table  on  a  following 
page  lists  the  spectral  lines  identified  to  date.  Silicon  comes  from  the  diffu¬ 
sion  pump  oil  adsorbed  on  the  anode  and  dielectric  surfaces,  and  aluminum  from 
the  inner  surface  of  the  accelerator  diode.  Spatial  as  well  as  temporal  varia¬ 
tions  of  the  emission  lines  will  be  determined  in  subsequent  experiments.  In 
addition,  ion  velocities  will  bo  measured  by  observing  the  Doppler  shift  of 
certain  lines. 

F.  Blue  Cellophane  Witness  Film  Calibration 

Blue  cellophane  film  can  be  used  to  determine  the  current  density  of  electron 
beams.  Upon  exposure  to  an  electron  beam,  the  blue  dye  bleaches  out  and  the 


Fig.  12.  Typical  emission  spectrum  from  the  plasma  generated  by  an  IREB  in  the  dielectric  tube 
Some  of  the  identified  emission  lines  are  shown.  C  IV  has  been  observed. 
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change  In  fractional  transmission  coefficient  la  essentially  proportional  to 
the  energy  deposited  by  the  electron  beam  as  it  passes  through  the  film  accord¬ 
ing  to 

D  -  AT/K 


where  D  la  the  absorbed  dose  In  rnd  (100  orgs/gm),  AT  is  the  change  in  frac¬ 
tional  transmission  coefficient,  and  K  is  a  calibration  factor.  Hcnlev  and 
8  **6  •*  \ 

Richman  obtained  K  •  0.034  x  10  (rad)  with  a  low  current  accelerator. 

1 

From  the  definition  of  stopping  power  (MeV  -  coVgm) 

S  "  AE'oA*. 

P 

where  AE  is  the  energy  loss  by  the  electron  beam  in  passing  through  a  distance 
At  of  film  with  dens i tv  o  (about  20  keV  in  a  0.0025  cm  thick  film),  the  change 
in  transmission  can  be  related  to  the  electron  beam's  current  density  J  iarapa/cm 
as  follows 


J  »  6.24  x  107  e  AT/KS  At, 

P 

-19 

where  e  «  1.6  x  10  coul.  At  is  the  duration  of  the  beam  pulse,  and 
6.24  x  107  MeV/gm  •  l  rad. 

In  order  to  check  out  our  procedure,  wo  exposed  film  using  the  experimental 
arrangement  shown  in  Fig.  4,  A  thin  stainless  steel  foil  placed  in  front  of 
the  film  prevented  low  energy  plssmA  electrons  from  rupturing  or  exposing  the 
film.  The  transmitted  electron  beam  current  was  simultaneously  recorded  by 
the  Faraday  cup  monitor.  A  Leeds-Northrop  Knovr-Albers  mlcrophotometer 
Model  6700-11  was  modified  to  accomodate  a  He-Ne  Vb328  A,  red)  laser  as  the 
light  source  for  reading  the  change  In  t ho  fractional  transmission  coefficient 
of  the  exposed  blue  cellophane  film.  With  these  measurements  we  were  able  to 
Independently  determine  a  calibration  factor.  The  result  was 

K  •  (0.031  t  0.006)  x  I0~h  (rad)_t 


which  la  within  one  standard  deviation  of  Henley  and  Richman's  result 

K  •  0.034  x  10  .  Even  though  our  total  doses  were  compniable  t,»  theirs, 

our  dose  rate  was  8  orders  of  magnitude  greater  than  theirs.  The  range  of 

current  densities  of  0.5  MeV  electrons  that  we  can  measure  with  blue  cellophane 
2 

•  Is  40-650  amps/cm  ,  corresponding  to  AT  changes  of  0.01-0.16.  Above  this 
current  density,  the  cellophane  begins  to  become  milky  white  and  opaque  rather 
than  more  tranaparent.  Thia  technique  will  be  useful  in  obtaining  radial 
current  density  profiles  in  future  beam  propagation  studies. 
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C. _ Electron  Denm  Propagation  In  Evacuated  Magnetized  Pipes 

One  of  the  objectives  of  this  research  program  is  the  study  of  intense 
nonneuttal  electron  beam  equilibrium  profiles  and  quality  in  an  axial  magnetic 
field  in  an  evacuated  metal  pipe.  The  magnetic  field  producing  solenoid  and 
capacitor  bank  have  been  checked  out  and  calibrated,  and  the  drift  tube 
sections  have  been  fabricated.  Experiments  on  this  phase  of  the  project  will 
begin  during  the  next  year. 

One  of  our  students,  Robert  Jackson,  worked  with  the  Parker-Granatstein 

9 

free  electron  laser  team  as  an  NRL  summer  employee  in  1978  on  the  problem  of 
electron  beam  quality.  This  work  involved  computer  simulation  of  electron 
trajectories  in  the  diode  and  magnetized  drift  tube  region  using  a  modified 
version  of  Herrmansf eld's  SLAC  electron  optics  code,  and  related  experiments 
on  the  VEBA  facility.  These  investigations  are  closely  related  to  dor  basic 
studies  of  beam  propagation  and  were  continued  by  Jackson  at  NCSU.  A  summary 
of  this  work  is  contained  in  abstract  C?  in  Section 

In  addition  to  the  simulation  work,  Jackson,  jdintly  with  two  other 
students  in  the  department,  one  of  whom  will  be  working  on  the  NCSU  experi¬ 
mental  beam  propagation  experiments  next  year,  has  made  a  theoretical  study, 
of  intense  electron  beam  equilibria  in  magnetized  pipes  using  a  relativistic 
cold  fluid  model.  These  studies  generalize  Dinment's*^  earlier  work.  A 
rough  draft**  of  this  work  is  attached  to  this  progress  report. 

Hj _ X-ray  Pinhole  Camera 

One  of  the  diagnostic  methods  for  determining  the  current  density  of 
electron  beams  that  are  too  intense  for  the  blue  cellophane  technique  consists 
of  observing  bremsstrablung  X-rays  produced  when  the  beam  passes  through  a 
wire  mesh  or  foil,  or  strikes  a  target.  For  this  purpose  we  have  constructed 
an  X-ray  pinhole  camera  from  a  set  of  plans  obtained  from  Glen  Kuswa  of  Sandia 
Laboratories.  The  0,25  mm  diameter  pinhole  was  fabricated  by  pouring  lead  in 
a  specially  constructed  meld.  Diffraction  of  light  from  a  He-Ne  laser  directed 
at  the  pinhole  shows  the  expected  pattern  for  a  perfect  circular  aperture. 

This  camera  will  be  used  in  our  studies  of  beam  behavior  in  our  beam  concen¬ 
tration,  propagation,  and  ion  acceleration  experiments  this  coming  vear. 
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I.  Investigation  of  the  Dielectric  Cathode  Guide  i 

12  4 

The  dielectric  cathode  guide  was  Introduced  by  this  laboratory  with  | 

earlier  AFOSR  support  for  concentrating  and  guiding  the  delivery  of  beasts,  and  1 
it  produced  the  greatest  electron  beam  current  density  attainable  at  that  time.  1 

This  effort  on  the  Boeing  Radiation  Effects  Laboratory  FX-75  machine  has  been 
completed  and  documented  in  publication  Afi  and  dissertation  83  listed  in  Section  IV. 
Abstracts  of  this  work  appear  in  Section  IV.  D.  It  is  planned  to  investigate 

the  properties  of  the  dielectric  cathode  guide  on  the  low  impedance  0.3  MeV 

7-ohm  line  machine  at  the  NCSU  laboratory  this  coming  year. 

J.  Other  Projects 

The  experimental  effort  on  beam  front  scattering  of  electromagnetic 
radiation  by  a  magnetized  relativistic  electron  beam  was  completed  during 
the  first  year  of  this  contract.  Two  publications  (listed  as  A2,  A3  in 
Section  IV  and  a  dissertation  (B3)  were  published  after  our  last  progress 
report.  Abstracts  of  these  works  appear  in  Section  IV. D. 

The  development  of  a  computer  simulation  model  for  the  FX-75  relativistic 
electron  beam  accelerator  has  been  completed  and  documented  in  publication  AS 
and  dissertation  B2  listed  in  Section  TV,  with  abstracts  appearing  in  Section  IV. D. 
Computed  voltage  and  current  waveforms,  which  depend  on  the  machine  configurator 
and  electron  beam  characteristics,  agree  exceptionally  well  with  observed  waveforms. 

A  publication  was  prepared  on  the  development  and  operation  of  a  nanosecond 
response  gasket-type  magnetic  loop  current  monitor  for  relativistic  electron 
beam  current  measurements  (see  publication  A7  in  Section  IV  and  the  abstract  in 
Section  IV. D. 

Deuteriopolymethylene  (CD^)  is  used  in  a  variety  of  relativistic  electron 
beam  experiments  ranging  from  ion  acceleration  to  target  preparation.  It  is 
commercially  available  in  pewdor  form,  but  machinable  blocks  have  been  needed 
in  applications  such  as  in  the  Luce-type  diode  for  ion  acceleration.  With 
the  mutual  interast  and  cooperation  of  our  Chemical  Engineering  Department, 
and  some  support  for  supplies  from  our  previous  and  current  AFOSR  contracts, 
a  pilot  semi -batch  process  for  the  production  of  high  deuterium  content  (97%) 

(CD2)n  in  gram  quantities  was  designed  and  set  up.  This  project  is  naw  completed. 

A  thesis,  listed  as  publication  B4  in  Section  IV,  summarizes  '*The  Effects  of 
Process  Variables  on  Properties  of  Deuteriopolymethylene  in  a  Semi-Batch 
Scale  System." 
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PBO VACATION  VITKIN  AN  EVACUATED  DIELECTRIC  GUIDE 

J.  A.  Dm  our*  and  K.  E.  rarker 
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Abstract 

Experiments  were  conducted  to  extend  a  previous  study1  of  collective 
Ion  acceleratioa  and  electron  been  propagation  within  an  evacuated  dlelee> 
trie  guide  to  higher  beam  energies.  The  typical  electron  beam  Injection 
conditions  were  as  follows:  current  «*  65  kA,  voltage  -  1.5  MV,  v/y  ~  Lb 
and  pulse  duration  *>  60  nsec.  Bean  propagation  was  found  to  depend  upon 
space  charge  neutralisation  resulting  from  Ions  released  from  the  walls 
of  the  dielectric  guide.  The  primary  energy  loss  mechanism  was  found  to 
ba  erosion  of  the  beam  front.  With  a  diode  consisting  of  a  small  dia¬ 
meter  cathode  but  no  anode  foil,  protons  with  kinetic  energies  up  to 
lb  MeV  were  detected  on  axis  using  nuclear  activation  techniques.  The 
asxlaua  observed  yield  was  ~  101*  protons  (E  >  3.8  HeV). 


a2.  Multichannel  grating  spectrometer  for  millimeter  waves 

J.  A.  Pasour" 

Dtfanmtnt  ef  fhyutt.  North  Carolina  Statt  University.  Raleigh.  Nceih  Carolina  27607 

S.  P.  Schlesinger* 

U.  S.  Sat  tl  Re  lean  h  Laboeaiory.  Washington.  DC  20375 
(Xmiitd  25  March  1922,  ui  lusal  form.  2  June  1927) 

A  multichannel  grating  spectrometer  for  use  with  high-power  (—1  MW),  short-duration  (5  5 
ns)  pulses  of  millimeter-wavelength  radiation  is  described. 


A3- 

r in  mca i  K»:\n.w  a  is.  ni  miii.r  6  nt.ct  Miu.it  mitt 

“Relativistic  mirror"  experiment  with  frequency  tuning  and  energy  gain* 

J.  A.  Pasour’ 

Saeth  Carolina  Slot*  Umetrtitt.  Raleigh.  S'onh  Carolina  27607 

V.  L  Grana'stcin  and  R.  K.  Parker 

Steal  Retearth  Laboratory.  Washington.  DC.  20)75 
(Received  22  August  1927) 

The  front  of  m  interne  relativistic  electron  beam  has  been  used  to  reflect  a  counters!  ream  in* 
electromagnetic  »a*e  if,  m  V  J  Gill.  F.  ■  .'SO  kW)  A  doubly -Doppler-shifted  reflected  »a*e  »ilh  a  pulse 
duration  on  the  order  of  a  nanosecond  hat  seen  produced  with  a  infold  increase  in  frequency,  t  I  .'-dll 
power  gain,  and  a  doubling  of  »a*e  energy  The  output  has  been  analysed  »uh  a  multichannel  grating 
spectrometer  and  found  to  have  a  spectral  uidlh  Ah/h  of  -  SfV  The  redected-wase  frequency  »as  tunable 
over  •  rang.-  of  -  *  20CI  by  simply  varying  the  esternsl  magnetic  Held,  and  over  a  much  broader  range  by 
simultaneously  changing  the  beam  nse  time  All  these  observations  are  in  good  agreement  with  a  simple 
theoretical  model  of  beam-front  scattering  Thu  mechanism  represents  a  new  kind  of  short-pulse,  high- 
power,  tunable  source  of  millimetef  land  probaMs  submillimeier)  uaselength  radiation,  and  it  could  he 
immediately  useful  as  an  electron-beam  velocity  diagnostic. 
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PROPAGATION  WITHIN  AN  EVACUATED  DIELECTRIC  GUIDE 


J.  A.  PASOUR*  and  R.  K.  PARKER 

Naval  Research  Laboratory,  Washington,  D.C.  20375 

1.  L.  GULLICKSON 

Air  Force  Office  of  Scientific  Rciearch,  Bolling  AFB, 
Washington,  D.C.  20332 

W.  0.  DOGCETT**  and  D.  PERSHING 

North  Carolina  State  University,  Raleigh,  NC  276 50 


Ac  experimental  study  of  collective  ion  acceleration 
and  electron  beam  propagation  vlthin  an  evacuated  dielectric 
guide  has  been  performed.  This  experiment  extends  a  previous 
study1  tc  higher  beam  energies  (voltage  »  1.5  MV,  current 
65  kA,  viy  m  1.4,  pulse  duration  n  60  nsec).  The  electron 
beam  is  injected  into  a  Lucite  tube  which  is  located  inside 
a  stainless  steel  cylinder.  When  the  beam  current  exceeds 
the  apace  charge  limit,  a  virtual  cathode  forms  at  the  beam 
front  and  electrons  are  lost  to  the  wall  of  the  acrylic 
guide,  thereby  liberating  ions.  Beam  propagation  is  facili¬ 
tated  by  the  space  charge  neutralization  provided  by  these 
ions,  and  a  potential  veil  travels  down  the  guide  with  the 
beam  front.  Both  radial  anc.  axial  acceleration  of  protons 
are  observed.  It  is  likely  that  acceleration  arises  both 
from  trapping  of  ions  in  the  moving  potential  well  and  from 
the  break-up  of  the  veil.  Protons  have  been  axially  accel¬ 
erated  to  10  times  the  applied  voltage,  and  a  total  yield  of 
~  1013  protons  vith  energy  >5*8  MeV  has  been  detected  using 
nuclear  activation  techniques. 

A5.  a  simulation  model  for  THE  FX-75  relativistic  electron  beam  accelerator 

Richard  L.  Copeland',  Herbert  P.  Neff,  Jr.2,  Hillard  H.  Bennett3, 

David  L.  Morrow3,  and  John  L.  Adamskil 

1—  Radiation  Effects  Laboratory 
Boeing  Aerospace  Co. 

P.0.  Bo*  3999,  M/S  2R-00 
Seattle,  Washington  98116 

2—  Departnnt  of  Electrical  Engineering 
University  of  Tennessee 
Knoxville,  Tennessee  37916 

3—  Departaent  of  Physics 

North  Carolina  State  University 
Raleigh,  North  Carolina  27607 

A  one*diwe«iicnal,  time-dependent  coaxial  trans- 
Mission  line  model  is  presented  for  analysis  of  the 
voltage,  v(z, t),  and  current,  1 (z. t) •  response  to  an 
electron  beam  load  for  the  FX-75  accelerator.  The 
Model  consists  of  finite  segments  of  coaxial  trans* 

Mission  lines  separated  by  limped  equivalent  circuits 
representing  the  various  abrupt  discontinuity  points. 

Each  line  segment  is  divided  into  two  one-dimensional 
grids  with  a  0.1  nanosecond  transit  time  grid  separa¬ 
tion  for  the  backward  and  forward  TEM  waves.  Results 
from  program  FXPUlSE  utilizing  a  thirty-eight  line- 
load  representation  of  the  FX-7S  accelerator  for  a 
_  Um>-lavarlaat,  hl9h-1mpt<anca  diode  load  show  dost 
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FLASHOVER  SPEED  AND  SURFACE  CHARACTERISTICS 
OF  DIELECTRIC  CATHODES  IN  A  RELATIVISTIC 
ELECTRON  BEAN  ACCELERATOR* 

■Ray  N.  Stringfield,  Jr.t,  W.  0.  Doggett  and 
W.  K.  Bennett 

North  Carolina  State  University 
Xalaigh,  North  Carolina  27650 


ABSTRACT 

The  propagation  speed  of  the  flashover  light  produced  by  the  filament¬ 
ary  surface  breakdown  of  alunina  dielectric  rod  cathodes  used  in  a  3  MeV, 

80  kA,  35  ns  pulse  duration  relativistic  electron  beam  accelerator  has 
been  measured.  The  light  propagates  from  the  cathode-dielectric  junction 
at  mean  velocities  of  (0.070  +  0.033)c  on  unooated  alumina  rods  and 
(0.044  +  0.0111c  on  a  rod  coated  with  CTjO^.  These  results  appear  to 
support  the  secondary  electron  avalanche  model  of  fast  flashover  proposed 
by  Anderson.*  The  path  followed  by  the  discharges  is  very  reproducible 
over  fifty  or  more  events  on  each  rod,  except  vrtien  straight  grooves  are 
sawed  into  the  rods  along  their  lengths.  In  this  case,  the  filamentary 
paths  are  irreproducible.  The  irreproducible  fi lamenting  on  grooved 
rods  can  be  stopped  by  depositing  a  thin  layer  of  graphite  in  the  base  of 
the  groove.  Alterations  of  the  rod  surface  after  flashover  have  been 
studied  with  scanning  electron  microscopy  and  proton  recoil  analysis. 
Unooated  alunina  rods  reveal  no  change  other  than  discoloration  except 
within  the  first  two  millimeters  of  the  dielectric-metal  cathode  junction, 
but  the  Cr203  on  the  coated  rods  appears  to  be  thermally  removed  by  the 
flashover. 

* 

This  work  was  supported  by  the  Air  Force  Office  of  Scientific  Research 
(Contract  iF49620-76-C-007)  and  Boeing  Aerospace  Oatpany. 

^Currently  enployed  at  Physics  International,  San  Leandro,  Calif.  94577. 


34 


A7. 

Nanosecond  response  “gasket-type**  magnetic  loop  current 
monitor  for  relativistic  electron  beam  current  measurements 

Richard  L  Copeland  and  John  L  Adamski 

Bo**t  Athuptcr  Cempanf.  KaAiation  Effects  Laboratory.  M/S  2K-00  to*  3999.  Sunk.  Wash  inflow  98124 

Wesley  0.  Doggett,  David  L  Morrow.  and  Willard  H.  Bennett 

Department  of  fhyua.  Sorth  Carolina  Suit  University.  Aaletfh.  Souk  Carolina  27607 
(Reonvtd  14  September  1971;  ia  final  form.  JO  October  1971) 

A  fast  response  magnetic  loop  current  monitor  has  been  developed  to  measure  relativistic 
electron  beam  return  currents.  The  monitor  has  a  rise  time  of  about  a  nanosecond  and  a  high 
degree  of  symmetry  with  moderate  sensitivtty.  variable  from  about  1  to  10  VA A.  This  simple 
monitor,  with  a  thickness  of  0.254  mm  or  less,  is  thin  enough  to  be  placed  between  segments 
of  return  current  path  in  the  diode  or  drift  tube  regions,  is  insensitive  to  flashover,  beam  and 
plasma  bombardment,  and  radiation  effects,  and  measures  net  current,  thus  offering  some 
advantages  over  conventional  magnetic  probes,  since  the  main  components  are  outside  of  the 
vacuum  region.  Design  criteria,  an  equivalent  circuit  analysis,  and  typical  calibration 
*vav;forms  are  presented.  Experimental  current  measurements  for  a  pinched  electron  beam 
diode  configuration  using  both  conventional  magnetic  probes  and  “gasket-type”current 
monitors  with  the  FX-75  relativistic  electron  beam  accelerator  are  presented. 


Bl. 
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PASOUR,  JOHN  ALAN.  Reflection  of  Electromagnetic  Radiation  from  the 
Front  of  a  Magnetically-Confined,  Relativistic  Electron  Bean.  (Under  the 
direction  of  WESLEY  0.  DOGGETT.) 

Reflection  of  an  incident  microwave  pulse  (f^  “9.3  GHz, 

-  520  kW)  from  the  front  of  a  magnetically-confined,  relativistic 
electron  beam  has  been  experimentally  observed  and  theoretically 
analyzed.  A  Doppler-shifted  reflected  wave  with  a  pulse  duration  on 
ths  order  of  a  nanosecond  has  been  produced  with  a  six-fold  increase  in 
frequency  and  a  power  gain  of  10  dB.  By  analyzing  this  output  v  <  a 
multichannel  grating  spectrometer,  the  spectral  intensity  profile  has 
been  determined  to  have  a  width  AX/X  of  approximately  5Z.  The  reflected- 
wave  frequency  was  tunable  over  a  range  of  -20-30X  by  simply  varying  the 
external  magnetic  field,  and  over  a  much  broader  range  by  simultaneously 
changing  the  beam  rise  time.  All  these  experimental  observations  can 
be  explained  quite  well  by  a  theoretical  model  of  beam-front  scattering, 
which  predicts  that  reflection  should  occur  near  the  cyclotron  resonance 
in  the  spatially-varying  beam  front.  The  maximum  beam-frame  reflection 
coefficient  predicted  by  the  model  is  15Z  for  a  right-hand-circularly- 
polarized  wave,  or  7.5X  for  the  linearly-polarized  wave  used  in  the 
experiment.  Although  the  5-W,  50-GHz  output  observed  correspond*:  to  a 
reflection  coefficient  of  16Z,  the  difference  can  probably  be  att.ibuted 
to  the  approximations  used  in  the  model.  The  beam-front  scattering 
mechanism  represents  a  new  kind  of  short-pulse,  high-power,  tunable 
source  at  millimeter  (and  probably  submilllmeter)  wavelengths,  and  it 
could  have  Important  applications  as  an  electron  beam  diagnostic. 


B2. 

ABSTRACT 
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COPELAND,  RICHARD  L.  A  Simulation  Model  for  the  FX-75  Relativistic  Electron 
Beam  Accelerator.  (Under  the  direction  of  Willard  H.  Bennett.) 

Since  the  first  report  of  pulsed  high  intensity  electron  beams, 
many  advancements  in  pulsed  power  technology  have  been  made.*  Present 
accelerators  are  capable  of  delivering  100  KV-10  MV,  10  KA-3  MA, 

20ns- 100ns  output  pulses. 

Usually,  a  high  voltage  coaxial  transmission  line  is  either  d-c 
or  pulse  charged  to  slightly  less  than  the  high  voltage  limit  due  to 
streamer  formation  and  flashover  between  the  transmission  line 
electrodes.  Then,  a  spark  switch  is  closed,  propagating  a  backward  and 
forward  T.S.M.  wave  from  the  spark  switch  discontinuity  point.  The 
forward  wave  propagates  down  a  coaxial  vacuum  field  emission  tube,  where 
cold-cathode  field  emission  of  electrons  occurs  all  along  the  cathode 
shank  (inner  conductor),  electrons  emitted  along  the  shank  are  usually 
magnetically  insulated  from  the  coaxial  anode  wall,  forming  an 
"electron  sheath"  between  the  metal  concentric  conductors.  This 
electron  sheath  forms  the  effective  inner  concentric  cylindrical 
conductor.  Usually,  the  cathode  shank  dimensions  ar<?  chosen  such  that 
the  characteristic  impedance  is  somewhat  larger  than  the  charged  line 
because  the  effective  line  impedance  is  determined  by  the  electron 
sheath  radius  and  the  outer  conductor  radius.  Then,  when  the  wave 
reaches  the  anode-cathode  gap,  the  field-emitted  electron-  are 
accelerated  across  the  gap,  thus  forming  an  electron  beam  load 
discharge. 
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Relativisitic  electron  beams  have  been  used  extensively  since  the 

early  1960's  to  generate  intense  x-ray  bursts,  for  use  in  materials 

response  studies,  flash  x-ray  radiography,  nuclear  weapons  environment 

simulations,  ana  other  various  radiation  effects  studies.  Recent 

applications  include  collective  ion  acceleration,  where  ions  are 

accelerated  to  energies  greater  than  the  electron  beam  energy  and  move 

2 

in  the  same  direction  as  the  beam  electrons.  Also,  recent  experiments 

have  demonstrated  the  feasibility  of  generating  intense  pinches  with 

2  3  4 

current  densities  up  no  10  MA/ca  within  the  accelerator  diode.  ’ 

Calculations  by  M.  J.  Clauser  predict  breakeven  fusion  bum  conditions 

when  101'  W  of  electron  beam  power  is  applied  for  S.  ns  to  a  2  mm 

5 

diameter  hollow  metal  sphere  filled  with  DT  gas.  Note  that  these  high 
power  requirements  are  well  beyond  present  pulse  power  technology 
capabilities.  The  production  of  large,  several  gigawatts,  bursts  of  rf 
power  for  several  ns  duration  has  been  reported  by  J.  A.  Nation  when  an 
intense  relativistic  electron  beam  interacted  with  a  long  periodic 
structure  inserted  into  the  electron  beam  drift  tube.6  Also,  the 
possibilities  or  using  these  intense  electron  beams  to  pump  high  pressure 
gaseous  media  to  excited  states  seems  promising  to  the  field  of  high 
energy  pulsed  lasers. 

The  purpose  of  this  dissertation  is  to  develop  a  numerical  model  to 
predict  the  one-dimensional  voltage  and  current  T.E.M.  waveforms  for  the 
FX-7S  relativistic  electron  beam  accelerator.  The  model  consists  of 
finite  segments  of  coaxial  transmission  lines  separated  by  lumped 


equivalent  circuits  representing  the  various  discontinuity  points.  Each 
line  segment  is  divided  into  two  one-dimensional  grids  with  a  0.1  ns 
one-way  transit  time  point-to-point  grid  separation  for  the  backward 
and  forward  T.E.M.  waves.  The  electron  beam  discharge  at  the  anode- 
cathode  gap  position  is  represented  by  an  R,  L,  C  lumped  equivalent 
circuit  with  generalized  time-varying  parameters. 

A  one-dimensional  time-dependent  four  line- load  model.  Flash,  was 
used  to  simulate  the  FX-7S  accelerator.  A  more  complete  fifteen 
line-load  model,  X-Ray,  will  be  utilized  to  make  small  corrections  to  ' 
the  Flash  results.  Numerical  results  from  Flash  and  X-Ray  are  presented 
for  two  diode  configurations  and  these  results  are  compared  to  typical 
. experimentally  measured  waveforms.  The  results  are  in  excellent 
agreement  for  the  high  impedance  flash  x-ray  time-independent  electron 
beam  load  case,  while  somewhat  less  agreement  was  found  for  the  low 
impedance  time-dependent  electron  beam  load  case. 

This  simulation  modeling  approach  may  be  useful  in  redesigning  the 
accelerator  and  field  emission  tube  components  to  produce  optimal 
parameters  tor  specific  applications.  These  simulations  will  be 
utilized  by  the  8oeing  Radiation  Laboratory,  located  in  Seattle, 
Washington,  in  redesigning  and  optimizing  tne  FX-7S  electron  beam 


accelerator. 
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B3. 

ABSTRACT 

STRINCFIELD,  RAY  MODEZ,  JR.  Surface  Flashover  Characteristics  of 
Alumina  Dielectric  Guide  Cathodes  in  an  Intense  Relativistic  Electron 
Bean  Accelerator.  (Under  the  direction  of  WILLARD  H.  BENNETT.) 

The  surface  flashover  characteristics  of  alumina  (Al^O^) 
dielectric  guide  cathodes  have  been  experimentally  observed  and 
interpreted  in  light  of  the  mechanism  of  surface  charging  proposed  by 
Boersch  et  al,  de  Tourreil  and  Srivastava,  and  the  model  of  flashover 
propagation  proposed  by  Anderson.  Alumina  rods  with  and  without  a 
coating  of  Cr^O^  were  studied.  Measurements  of  the  temporal  behavior 
of  the  discharge,,  including  the  time  of  breakdown,  and  the  propagation 
velocity  of  the  flashover  light  front  along  the  rod  length  were  made, 
as  well  as  observations  of  the  reproducibility  of  the  flashover  path 
over  many  discharges.  A  method  of  timing  fast  events  is  presented 
which  can  be  used  when  the  experimental  conditions  preclude  more 
conventional  methods  of  measurement.  The  light  from  the  discharge  is 
found  to  initiate  at  the  junction  of  the  alumina  with  the  metal  center 
conductor  of  the  coaxial  vacuum  diode  within  2  nanoseconds  of  the  start 
of  the  beam  current,  propagating  down  the  rod  length  toward  the  anode 
with  a  velocity  of  about  0.07  c  for  bare  alumina  reds,  where  c  is  the 
speed  of  light,  and  0.044  c  for  a  rod  coated  with  Cr^O^.  Examinations 
of  the  surface  of  the  rods  after  the  tests  using  a  scanning  electron 
microscope  and  proton  recoil  analysis  indicate  that  the  surface  of 
bare  alumina  rods  is  substantially  unchanged  by  the  discharge  but  that 
the  coating  is  removed  from  the  Cr^  coated  rods  along  the  discharge 
filament  path  but  not  from  elsewhere  on  the  surface.  Attempts  to  have 
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the  filament  fora  in  *  groove  saved  along  the  length  of  tvo  rods  failed. 
However,  by  depositing  a  thin,  non-conducting  layer  of  graphite  into 
the  base  of  the  groove,  the  discharge  was  induced  to  remain  in  the 
channel  for  the  four  discharges  observed.  Both  the  removal  of  the 

from  the  filament  path  on  the  coated  rods  and  the  propensity  of 
the  discharge  to  follow  a  thin  layer  of  deposited  graphite  suggest 
that  either  or  both  effects  may  be  useful  for  inducing  the  electron 
beam  to  follow  a  prescribed  path.  The  reproducible  filamentary  dis¬ 
charge  observed  on  the  rods  used  during  the  propagation  velocity 
measurements  cou.Vl  not  be  induced  to  fora  when  a  diode  was  used  having 
twice  as  large  a  characteristic  impedance  (*250  ohms  vs  *125  ohms). 

In  this  instance  the  fora  of  the  discharge  varied  without  an  apparent 
pattern  between  a  uniform  sheath,  a  filamentary  discharge,  and  no 
apparent  discharge,  with  only  a  centimeter  long  band  of  luminosity 
near  the  anode  end  of  the  alumina  rod. 
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B4. 

ABSTRACT 

EMMANUEL,  JORGE  AGUSTIN  OROZCO.  The  Effects  of  Process  Variables 

on  Properties  of  Deuteriopolymethylene  In  a  Seal-Batch  Bench  Scale 

Systea.  (Under  the  direction  of  EDWARD  P.  STAHEL) . 

A  seal-batch  semi-autoaated  bench  scale  systea  for  the  production 

of  linear  and  branched  deuteriopolyaethylene  was  developed.  Linear 

polymer  was  produced  by  decoaposition  with  BF^  or  (CH^OJ^B  of  dideu- 

terodiazome thane,  which  in  turn  had  been  generated  through  the 

(ID 

Diazald ^  route.  Branching  was  achieved  by  polymerization  of  a 

mixture  of  deuterated  diazomethane  and  diazoethane.  The  latter  v:as 

obtained  from  the  hydrolysis  of  N-ethyl-N-nitroso-p-toluenesulfonamide, 

dD 

the  ethyl  homolog  of  Diazald  **  . 

A  literature  survey  of  diazoalkane  precursors,  various  aspects 
of  the  polymerization  and  a  comprehensive  review  of  proposed  reaction 
mechanisms  of  the  reaction  of  diazomethane  with  BF^  are  provided. 

The  synthesis  of  the  diazoalkane  precursor  is  described  and  the 
results  of  its  analysis  are  presented.  Yield  enhancement  studies 
suggested  the  use  of  a  carbltol-methanol  catalyst-solvent  system  for 
the  generation.  Both  precursors  were  simultaneously  hydrolyzed  to 
form  the  diazoalkanes.  Considerations  of  economy  and  of  safety, 
because  of  the  toxicity  and  explosive  potential  of  diazoalkanes,  were 
inherent  in  the  final  design,  which  included  a  generator,  two  reactors 
and  a  safety  vessel  in  sequence. 


The  resulting  deuterlopolymethylenes  of  varying  properties  were 
characterized  using  Infrared  spectroscopy,  differential  scanning 
calorimetry,  x-ray  diffraction  and  viscosimetry.  High  molecular  weight 
polymers  were  produced  whose  melting  points,  heats  of  fusion  and 
crystallinities  decreased  with  Increasing  degrees  of  branching.  Deu- 
teration  was  estimated  between  60  to  702. 

Results  of  a  nuclear  magnetic  resonance  spectroscopic  analysis 
raised  some  question  regarding  reaction  mechanisms.  Recommendations 
for  future  work  were  made  providing  guidelines  for  increasing  deutera- 
tlon  in  the  final  product,  kinetic  and  gel  permeation  chromatographic 


studies 
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tV*  iMitait  (•**.  TV*  output  lYtfjacy  ti  miU*  «ttk 
ud«a  ix«*tt(  fliU  u  nu  «  via  km-trat  velocity. 

Typically,  O*  lyMtfC  vltth  (TVm)  «f  O*  output,  M 
•rural o*4  «•  •  adUikm*!  |i*tU|  iy*ctminr,  1* 

"  9.  TV#  abort  ratulu  bply  a  bam  frm*  rafltctioa 
aMffltlwt  of  %4. 


♦partially  apycrod  by  ATT**. 

Vmth  Carol  laa  Suu  Ihlv. ;  praam  Up  m 
Aaaaclat*  at  m. 

*i.  A.  Paaour  at  *1.,  buU.  Aa.  Nora.  So* 
(1976). 


■C  baaaarob 


It.  U12 


«n  CaUmtlo*  Im  Acaalaratlm  mi  Xwtaaaa  P octree 
9*rn  Pratvatlca  WlVUa  Aa  lmru*t»il  riajecwc  emu. 

>«  2.  PAKAih  apt  J.  A.  PASJCK.  Haval  K****rca  laboratory, 
*.  0.  coccrrr  aat  0.  ITRSH213.  berth  CarcHaa  Slat*  •,ta- 
unity.  ao4  b.  L.  OJUJCXSCT.  Air  row*  omj*  cf 
NUmtlftc  P»i*trch~U3'*rtamta  vara  mducui  to  ittab 
a  prrrlcut  atuiy*  af  coUectlm  loa  accalaraUm  aa  alac- 
btaa  bam  pnpagatlm  vltbla  m  ommaut  11  aloe  trie  cult* 
ba  M|kir  bam  aaarfla*.  la  tbaoa  awparlamta,  tba  typl* 
**X  aloctrca  bam  iaJteUoa  aeatltleea  vara  aa  fallom: 
wrmt  -  65  kA,  mltaga  -  1.5  XV,  vA  -  l.b,  mt  pula* 
terUm  -  60  aaae.  bam  propagaUm  try  or  A  *4  ^ea  apaoa 
•bare*  antnUuUaa  raaultlag  frm  loaa  ralaaaat  frm 
tba  valla  af  tha  Alalaetrle  gulta.  TV*  yrlmry  manor 
Imr  webaalm  vaa  araalm  af  tba  bam  fraot.  turn  a 
mall  tlaaour  aatbo a*  aat  aa  aaata  rail,  pm  mi  vltb 
blavUt  aaarglaa  m  ta  Ik  H*V  vara  Utaetat  m  uti.  Tba 
•aalma  abaarmt  plait  vaa  -  ID**  prvtaaa  (I  >  >.l  Mat). 


JlK  baaaaiab  Aatadaba. 

iKpporUt  by  ANSI  uatar  Caatrmt  169630- 7<-C -0007. 

A.  eraaavalt,  I.  lavaU,  4  I.  UtUa,  bull.  ba.  Ibfi. 
•a*,  ft,  U47  (1976). 


by  a  Salat IvUttc  ilactron  born  la  aa  tuacuatat 
PlolatWc  Cult*.*  J.  J .  UN.  0.  1.  MMOW.  0.  PtbSUNC. 

T.  TTuSU,  aat  V.  0.  WOCCTT.  Worth  Carolina  Stata 
MilM-  •Callactlm  laa  accalaratlas  at  alactron  baaa 
prapatatlm  hav*  baaa  pravtaaaiy  abaormt  ta  aa  avaavatat 
tlaUctrte  ptta.Wl  Tk»r  aubataatlally  tayaat  upon  tk* 
|utt*  laagth  aat  ttaaatar.  baaa  propagation  t*  fact 11* 
tatot  by  apace  cyarga  aout tall aat taa  to*  to  too*  ralaaaat 
frm  tba  valla  *1  tba  ttalaatrlc  |*lt*.  hluloa  ayaatm 
la  tba  aaar-wltravtalat  ta  vtatbla  rmy*  ar*  baiag 
atuttat  far  tba  y  ’  pratucot  by  a  Ul  (0.5  Mat,  50 
bA,  M  aaac)  la  tlalactrlc  takw  af  varlau*  altaa.  IV* 
•patlal  yarlatlaao  aat  taavaral  behavior  af  tha  ooltalm 
apaatra  vlll  ba  yraoaatat  la  caaaactlaa  vltb  bom  pro* 
papatlao  aat  oolloatlm  loa  aacalaratlaa  aaporiaaata. 
•bupportot  by  «Nn  vatar  Omttact  f*9*J0-?b-C-«007. 

U.  Otaaaoalt.  TVlrt  tat.  Caaf.  aa  Qailoctlvo  Wathota  af 
baaalaratlm.  Nay  SI-25,  197b.  Palvoralty  af  Callfataia, 
Irvtao. 

*J.  A.  Paaour,  t.  K.  Parbar.  b.  L.  Oulllckaoo,  V.  0. 
bmatt.  aat  0.  Poraklag,  Iblt. 


C6. 

TDl  balatlolaUe  tlxtrta  bom  TToaoaort  la  a 
fttaloctrlc  Cult*.  ».  b.  PEUK1NC,  C.  M.  AJWSTaOWC,  J.  J. 
UN,  0.  A.  NAJtTW.  ».  1.  K7U0U.  P.  J.  NOTUUY.  V.  P. 
miUU.  j.  b.  90  TV.  aat  V.  0.  bOOCCTT.  Worth  Carol  la* 
Stat*  O.A—Iarllar  aay*>l*aatal  laooatltatlooa'  *( 
latooaa  ralativlatlc  alactrm  baaa  pr*p*«att*a  tharootor- 
latlca  la  avaeaatat  acrylic  plpoa  hay*  boo*  aatoatot  t* 
0.5  NrV.  W  aaac  baam  protacat  vtth  tha  lev  lapotaac* 

(7  ala)  accalaratar  at  3CS0.  laaa  craacat  by  oloctroao 
•trtklot  tba  latarlar  Mofaca  af  tba  tlalacttlc  plpa 
pavolta  apaca  chart*  aarirallaatloa  tar  baaa  propaga- 
tin.1  baawlta  vlll  ba  praaaatat  at  aapoctaaata  ta  vbteh 
tba  laj  octet  curroat  aacaota  tba  Alftaa  Holt  lap  corroat 
ta  tottrala*  tha  tagraa  af  cvrraat  aautralitatiaa  yra- 
vttat  by  tba  backgramt  plaaaa.  Haaaaraaoata  lacluta 
bam  aUa,  aaargy  traaeport,  aat  1m  accalaratlaa. 

♦buppartat  by  Air  Port#  01  llca  af  icloatlflc  gaaaarcb 
Omttact  No,  Pt«4K>*7t-C*OO07. 

*b.  b.  Parbar,  S.  A.  Poomr.  V.  0.  bagpott.  b.  C. 
Panblag,  aat  b.  I.  Oulllcbam,  ball.  Aa.  Pbya.  baa.  jS. 

1111  (1977). 

*A.  Or •**•*> 4,  b.  Vavall,  aat  b.  Uctla,  b*U.  Aa.  TVya. 


C7 


lODd  A  Ctudy  of  Beac  Quality  la  Relativistic  Croased- 
mia  Iflj7:ncc  ricdtt."  >.  h.  jacksoi..  jfe.  S3  k.  i. 
>AKa>r  NsvnJL  hesearch  Laboratory* --Experiments  is 
collective  loo  acceleration  and  stimulated  scattering 
require  the  use  of  cold  electron  btMi  for  efficient 
interaction*.  Cold  beta  production  Is  follies*  diodes 
Is  particularly  difficult  due  to  the  crossed-fleld 
Mture  of  the  flow.  This  difficulty  esc  be  overccae  Is 
pert  by  quaal-adiabetic  expansion  of  the  beta.  In  this 
configuration  the  besa  Is  lsuacbed  la  s  high  magnetic 
field  end  expended  Into  e  low  field  region  down  the 
drift  tube.  Results  of  experiments  to  cherecterlte 
conventional  diode  and  expansion  diode  effects  on  besa 
quality  will  be  cohered  with  mtrlcel  studies  end 
related  theory. 

•Work  supported  by  ORX. 


C8. 

HI  •  Intense  Rolatlvletle  tlectron  Been  Expanding 

tote  e  Field-free  Vacuua*.  F.  ML'MAT**.  D.  PERSHINC, 

J.  SMITH,  end  W.  0.  OOCCETT,  Worth  Csroltns  State  Dole.. 
Relelth,  W.  An  lnteese  relativistic  electron  besa 
produced  In  NCSU'e  7  oho  diode  (0.3  MeV.  70  k»  Is  fired 
threuph  e  hole  la  the  anode  plate  into  a  field-free 
vacuum.  the  trsnseltted  portion  of  the  besa  expands  as 
a  result  of  Its  own  self  fields.  A  principle  diagnostic 
eaployed  la  blue  cellophane  flla  which  le  calibrated  to 
glut  currant  density  as  s  function  of  change  In  trans- 
alssioa  coefficient  for  red  light.  The  transaisslon 
coefficient  Is  determined  on  an  optical  alcrodenslto- 
aeter  which  has  been  aodiflad  to  sceoaodate  He- We  laser 
as  Its  light  source.  The  calibration  constant  which 
relates  the  current  density  to  the  change  in  transala- 
aiea  egreet  within  enperlaental  error  with  a  previously 
published  value  et  such  lover  dose  deposition  rate. 
Preliminary  results  will  be  presented  which  show  tne 
radial  besa  profile  ee  e  function  of  axial  politics. 

•Supported  by  APOSR  Contract  No.  PAV620-76-C-0007 
••On  sabbatical  lesve  ( ran  U.  of  Scranton,  Scranton,  PA 
It.  J.  Hanley  end  D.  Rlchaan,  Anal.  Cham.  21,  1380 
(1*3*).  ~ 


CS. 


HI  •  Collective  Ion  Acceleration  bv  Intense  Rela- 

tlvlstlc  tlectron  Beane*.  57TT  MJRSStf’.  0.  PERSHING,  J. 
I.  SMITH,  D.  A.  -WAT IN.  C.  N.  ARMSTRONG.  J.  J.  KIM,  P. 
MC1WAT**,  and  W.  0.  DOCCTTT.  North  Carollm  Statr  U.— 

A  varlaty  of  collective  Ion  acceleration  experlnents  are 
being  conducted  on  the  NC3U  Intense  relativistic  elec¬ 
tron  btaa  accelerator  (0.3  MeV,  70  kA,  60  naac).  Iona 
are  prtduced  by  the  electron  baaa  striking  (1)  the 
periphery  of  I  1  ca  orifice  in  a  polyethylene  anode 
plate,  (2)  e  0.01  as  thick  plastic  sheet  la  tht  anode 
plaae,  or  (3)  a  plastic  liner  in  an  evacuated  drift  tube 
In  e  toilless  diode  geoaetry.  Accelerated  proton*  are 
detected  with  nuclear  activation  of  carbon  and  IN.  The 
reenlte  will  be  (capered  vlth  previous  experiaents  at 
Boeing's  PR-731  (3  MeV)  and  NXL's  VESA*  (l.S  MeV) 
accelerators. 

•Supported  by  APOSR  Contract  No.  P4V620-76-C-0007. 

••On  sabbatical  lesve  free  U.  of  Scranton,  Scranton,  PA. 
lV.  0.  Doggo tt  end  V,  M.  Bennett,  Second  Svmpoatia  on 
Collective  Methods  of  Acetlsratlon.  JINK,  thibns,  USSR, 

J»  Sept.,  1P76. 

•J.  A.  Psaour  et  el..  Third  lnt’l  Coaference  on 
Collective  Method*  of  Acceleration,  Vnlv.  of  Calif., 
Irvine,  May  22,  1«7B. 


V.  PERSONNEL 


la  addition  to  Professors  Wesley  0.  Doggett,  Jin  J.  Kin  and  Cartar  M. 
Armstrong  tha  following  graduate  studanta  have  contrlbutad  to  this  project 
during  tha  second  funding  year: 

Dean  E.  Pershing  Beam  diagnostics  and  propagation  in  a 

dielectric  liner,  VEBA  experiments 

John  R.  Smith  Calorimeter  calibration,  spectroscopy, 

X-ray  pinhole  camera 

David  L.  Morrow  Ion  acceleration 

Robert  H.  Jackson,  Jr.  Computer  simulation  of  beam  propagation 

in  magnetic  field  and  theoretical  study 
of  beam  equilibrium  profiles 

W.  Preston  Sellers  Thomson  parabola  ion  spectrometer 

R.  Lawrence  Ives  Interfacing  calculator  with  laboratory 

equipment 

David  A.  Martin  Mapping  of  X-ray  radiation 

Jorge  A.  0.  Emmanuel  Study  of  CD2  physical  characteristics 

Professor  Willard  H.  Bennett,  Burlington  Professor  of  Physics,  Emeritus, 
served  as  a  consultant  on  certain  aspects  of  the  program.  In' addition. 

Dr.  Frank  J.  Murray,  Associate  Professor  of  Physics  at  the  University  of 
Scranton,  spent  the  1978-79  academic  year  on  a  sabbatical  leave  in  the  NCSU 
plasma  physics  laboratory  and  participated  in  several  phases  of  the  project, 
particularly  the  blue  cellophane  calibration  experiments. 

Undergraduate  students  Dwight  F.  Price  and  David  R.  Wheeler  (work-study 
student)  worked  on  a  variety  of  casks  in  the  laboratory. 

Several  former  graduate  students  whose  dissertation  research  was  made 
possible  by  this  contract  are  now  successfully  contributing  to  Department  of 
Defense  funded  programs:  Dr.  John  A.  Pasour  at  the  Naval  Research  Laboratory. 

Dr.  Ray  M.  Stringfield,  Jr.  at  the  Physics  International  Company,  and  Dr.  Richard 
L.  Copeland  at  the  Boeing  Radiation  Effects  Laboratory.  Another  student  Dean 
E.  Pershing  has  been  offered  a  National  Research  Council  Associateship  to  work 
at  the  Naval  Research  Laboratory  when  he  completes  his  dissertation  this  coming 
year.  Mr.  Robert  H.  Jackson,  Jr.  will  perform  the  electron  beam  quality 
measurements  and  simulation  calculations  at  NRL's  facilities  in  collaboration 
with  Drs.  Robert  K.  Parker  and  Victor  L.  Granatstein  who  will  serve  on  his  Ph.D. 
committee  as  Adjunct  Professors  of  Physics  at  NCSU. 


